The amount of flank wear is often used as the criterion for tool life assessment because it influences work material surface roughness and accuracy. In this study, the influence of cutting tool geometry (angles) on morphology of flank wear land during turning of low carbon steel is investigated by using image processing techniques and Response Surface Methodology (RSM). The analysis was based on a second order model in which the flank wear (area and shape factors) is expressed as a function of three cutting tool geometry parameters (relief angle, rake angle and cutting edge angle) and the effect of tool geometry parameters and their interactive effect on flank wear land morphology have been investigated. It is found that the area and shape factors of flank wear land are highly affected by the cutting tool geometry parameters considered in the present study.
INTRODUCTION
Tool wear has been identified as the most undesirable characteristic of machining operations. Most important of the tool wear types are flank wear and crater wear (Fig. 1) . Flank wear occurs on the relief face of the tool edge and results in the formation of a wear land. Rubbing of the wear land against the machined surface damages the surface of work piece and reduce dimensional accuracy. Crater wear appears on the rake face of the tool and affects the mechanics of the process (Boothroyd and Knight, 2006) . Commonly the measurements are performed manually using a toolmakers microscope. In the standard (International Organization for Standardization, 1993) manual measurement is defined as the way to measure the wear. The complex nature of the tool wear complicates the task of defining the flank and crater wear boundaries manually. Obviously, the process is time consuming and limited in accuracy and application. To overcome these problems, advances in computer vision technology have led to the investigation of its application in tool wear measurement (Jurkovic et al., 2005) .
The measurements defined for flank wear in the standard are shown in Fig. 2 . These measures are V B and V B max.
On the other hand, image analysis, due to its high information content is an effective tool to investigate shape of wear zone. The use of machine vision in the determination and investigation of tool wear is fairly wide spread in the manufacturing literature. Kurada and Bradley (1997) in their review paper summarized a range of computer vision techniques applied to tool condition monitoring. Kerr et al. (2006) described the use of digital image processing techniques in the analysis of images of worn cutting tools in order to assess their degree of wear and remaining useful life. Wang et al. (2006) proposed a threshold-independent approach based on machine vision system to measure flank wear of a cutting tool. Shahabi et al. (2009a, b) developed a vision based method that can be used to detect notch wear from a single image of cutting tool in the micrometer range. In their other research (2009) the flank wear land width in zone C (V BC ) was measured using 2-D images of nose profile and the workpiece roughness profile. Schmitt et al. (2012) developed a machine vision system for automated tool wear inspection. The proposed approach measures the tool wear region based on the active contour algorithm and classifies the wear type by means of neural networks.
In this study, image processing techniques and response surface methodology is used to investigate the relationship between tool edge geometry parameters (e.g., relief angle, rake angle and cutting edge angle) on the morphology characteristics of flank wear land (e.g., the area and shape factors). The results show that area and shape factors of flank wear land is highly affected by the geometry of cutting tool and some of them has linear relationship.
METHODOLOGY
The cutting tests were carried out on a TN50D lathe. For this study, low carbon steel bars and HSS tool bits were used. The cutting speed, feed rate and depth of cut were kept constant as 47 m/min, 0.08 mm/rev and 3 mm, respectively. The tests were designed according to full factorial design and no cutting fluid was used during the turning operations. Totally, 27 experiments (3 3 ) were performed by the combinations of cutting tool geometries that are given in Table 1 .
The cutting tools were prepared using a universal grinding machine. To make sure that the tool is placed at the correct and same position every time the tool has been changed, a special tool holder was designed and built. The machining for each tool was generally carried out for a fixed time.
Image acquisition and processing: In this study, the morphology of flank wear of the tools (including the area and shape factors) was measured by means of a machine vision system. The vision system comprises a microscope, fixture, CCD camera (3648×2736 pixels), PC and image analysis software. To eliminate the need for considering aspect ratio in camera calibration process, the sensor coordinate system was aligned with the edge of side relief surface of cutting tools as the tools are held by fixture. Table 2 lists the shape factor measurements that are used in this study.
Images of the worn tools at the end of testing are shown in Fig. 3 for some of experiments. The area and shape factors of flank wear land for different geometry's of cutting tool are shown in Table 3 . Shortest side of the rectangle with the same area as the particle, and longest side equal in length to the diameter Heywood circularity factor Perimeter divided by the circumference of a circle with the same the closer the Heywood circularity factor is to 1 Type factor
Factor relating area to moment of inertia Elongation factor Max feret diameter divided by equivalent rect short side (feret). The more higher its elongation factor Res. J. Appl. Sci. Eng. Technol., 6(20): 3798-3807, 2013 3800 vision concepts manual) diameter start-highest, leftmost of the two points defining the max feret diameter Max feret diameter end-lowest, rightmost of the two points defining the max feret diameter Max feret diameter orientation Max feret diameter Shortest side of the rectangle with the same area as the particle, and longest side equal in length to the Perimeter divided by the circumference of a circle with the same area. The closer the shape of a particle is to a disk, the closer the Heywood circularity factor is to 1 Factor relating area to moment of inertia Max feret diameter divided by equivalent rect short side (feret). The more elongated the shape of a particle, the higher its elongation factor Area divided by the product of bounding rect width and bounding rect height. highest, leftmost of the two points defining the max feret diameter lowest, rightmost of the two points defining the max feret diameter Shortest side of the rectangle with the same area as the particle, and longest side equal in length to the max feret area. The closer the shape of a particle is to a disk, elongated the shape of a particle, the compactness factor belongs to the (c) α = 10, γ = 0 and χ = 67.5, (g) α = 15, γ = 0 and χ = 90 collection of mathematical and statistical techniques that are useful for modeling and analysis of problems in which output or response is influenced by several input variables and the objective is to find the correlation between the response and the variables investigated (Montgomery, 2001) . In this study second order polynomial response surface mathematical models is used for determining the relations between the cutting tool geometry parameters on the area and shape factors of flank wear land. The second-order model is normally used when the response function is not known or nonlinear. The mathematical models between morphology of wear land (area and Shape factors) and the tool geometry (relief angle (α), rake angle (γ) and cutting edge angle (χ) of cutting tool) obtained from the response surface methodology analysis are given as follow:
The model obtained for area of flank wear land: The model obtain for type factor: 
RESULTS AND DISCUSSION
The analysis of the effects of the cutting tool geometry variables (relief angle (α), rake angle (γ) and cutting edge angle (χ)) on the flank wear area were performed based on Eq. (1). Figure 4 illustrates the effect of relief angle on the flank wear area for different rake angles. It can be seen that increase in relief angle causes a decrease in flank wear area especially at lower levels of rake angles.
The effect of rake angle on the flank wear area for different relief angles is shown in Fig. 5 . It can be observed that an increase of rake angle causes a decrease in area of flank wear land. This phenomenon could be explained by the fact that the increase in rake angle decreases the formation of Built up Edge (BUE) (Fang and Dewhurst, 2005) , which will result in a decrease in the flank wear. Figure 6 shows the effect of cutting edge angle on the flank wear area for different rake angles. The figure indicates that the flank wear area increases with the increase of cutting edge angle for lower values of rake angle.
Analyzing the effects of cutting tool geometry parameters on the compactness factor has been performed based on Eq. (2). Figure 7 shows the effect of rake angle on the compactness factor for different relief angles. It can be seen that there is a linear correlation between the compactness factor and rake angle. Figure 8 shows the effect of relief angle on the compactness factor for different rake angles. It is clear that relief angle has a linear effect on the compactness factor. Figure 9 shows the effect of cutting edge angle on the compactness factor for different rake angles. It is observed from the figure that with the increase in the cutting edge angle up to 70 o , the compactness factor increases thereafter decreases.
The relation between geometry parameters and elongation factor has been studied based on Eq. (3). Figure 10 shows the effect of rake angle and cutting edge angle on the elongation factor. It can be noticed that the elongation factor values increase with the rake angle increase for all cutting edge angles. Figure 11 shows the effect of relief angle and rake angle on the elongation factor. It can be observed that the elongation factor increases with the increase of relief angle and at a certain relief angle the elongation factor decreases with further increase of relief angle.
The effect of cutting edge angle on the elongation factor is shown in Fig. 12 . The figure indicates that elongation factor decreases with the increase of cutting edge angle.
This phenomenon could be explained by the fact that decreasing the cutting edge angle from 90 o to 45 o increases the length of cutting edge engagement, which will result in a longer wear land.
The relation between tool geometry on the Heywood circularity factor has been studied based on Eq. (4). Figure 13 shows effect of rake angle and cutting edge angle on the Heywood circularity factor for different relief angles. It can be seen that the Heywood circularity factor increases with an increase in the rake angle. Figure 14 shows the effect of cutting edge angle on the Heywood circularity factor. The figure indicates that circularity of wear land decreases with the increase of cutting edge angle for lower values of rake angle.
Studying the effects of cutting tool geometry parameters on the type factor has been carried out based on Eq. (5). Figure 15 illustrates the effect of rake angle on the type factor for different relief angles. It can be seen that the type factor decreases linearly with the increase of rake angle.
The effect of relief angle on the type factor for different rake angles is shown in Fig. 16 . It can be seen that the rake angle has no considerable effect on the type factor.
The effect of cutting edge angle on the type factor for different rake angles is shown in Fig. 17 . It can be seen at a certain cutting edge angle the type factor decreases with further increase of cutting edge angle.
CONCLUSION
The results of this study in analyzing the effect of cutting tool geometry on morphology of flank wear land in turning of low carbon steels with presence of BUE show that the area and shape factors of flank wear land are greatly affected by the tool geometry parameters (angles). The area of flank wear land decreases with an increase of both relief angle (5°-15°) and rake angle (0°-30°) and increases with the increase of cutting edge angle (45°-90°) especially for lower values of rake angle. This phenomenon could be related to the formation of BUE in lower values of both relief angle and rake angle. The compactness factor of flank wear land decreases linearly with the increase of both relief angle and rake angle and has a quadratic correlation with cutting edge angle. The elongation factor increases with an increase of rake angle and decreases with the increase of cutting edge angle and has a quadratic correlation with relief angle. The Heywood circularity factor increases with an increase of both relief angle and rake angle and decreases with the increase of cutting edge angle for lower values of rake angle. Finally, the type factor decreases with an increase of rake angle and relatively with relief angle and has a quadratic correlation with cutting edge angle. This study helped to understanding the influence of cutting tool geometry on shape of flank wear land which may help for choosing the tool geometry.
